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ABSTRACT 


Plasma  membranes  were  Isolated  from  the  livers  of  control  and 
Streptococcus  pneumonlae-lnfected  rats.  Purity  of  the  fractions  was  judged 
by  electron  microscopy  and  by  the  use  of  enzyme  markers  for  microsomes 
(glucose-6-phosphatase) , mitochondria  (glutamate  and  malate  dehydrogenase) , 
and  lysosomes  (add  phosphatase).  Plasma  membranes  from  infected  cells  banded 
at  the  same  sucrose  density  as  plasma  membranes  from  uninfected  cells. 
Moreover,  equivalent  amounts  of  plasma  membranes  could  be  isolated  from 
control  and  infected  rat  livers.  There  were,  however,  significant  alterations 
In  the  enzyme  complement  of  the  plasma  membrane  following  infection. 

5 '-Nucleotidase  activity  was  significantly  decreased  while  alkaline 
phosphatase  activity  was  significantly  Increased.  Kinetic  analysis  demon- 
strated that  only  the  V and  not  the  K_  of  these  two  enzymes  was  changed, 

max  m 

suggesting  that  altered  affinity  of  the  enzymes  for  substrate  was  not  the 
mechanism  responsible  for  the  observed  alterations.  No  change  in  the 
mitochondrial  enzyme  markers  was  observed  following  infection  but  the  specific 
activity  of  microsomal  glucose-6-phosphatase  decreased  significantly. 

Possible  explanations  for  the  observed  alterations  are  discussed. 


INTRODUCTION 


Streptococcus  pneumoniae  Infection  Induces  marked  alterations  In 
systemic  host  metabolism  which  Involve  the  liver.  There  is  an  increased 
uptake  of  zinc  (18)  and  amino  acids  (30)  into  liver  and  Increased  acute 
phase  globulin  synthesis  by  liver  (Belsel,  In  CRC  Handbook  of  Nutrition 
and-Foods,  In  press,  1976).  Plasma  glucagon  and  insulin  are  also 
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elevated  during  this  Infection  and  affect  hepatic  carbohydrate  metabolism 
(21,  22,  33).  the  plasma  membrane  may,  therefore,  play  an  Important  role 
in  altered  hepatic  metabolism  during  this  infection. ‘ There  are  indications 
that  infection  alters  the  enzyme  complement  (33,  Canonlco,  Ayala,  Rill  and 
Little,  Am.  J.  Clin.  Nutr.,  in  press,  1976),  and  surface  properties  (9,  13, 
27)  of  several  cell  types.  It  was  therefore  of  interest  to  study  whether 
S.  pneumoniae  infection,  which  is  known  to  Induce  decreases  in  other  intra- 
hepatlc  organelles  (3),  would  also  effect  alterations  in  the  plasma  membrane. 
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MATERIALS  AND  METHODS 

Chemicals.  Nucleotides  were  obtained  from  P-L  Blochemlcals  (Milwaukee, 
Vie.).  All  other  chemicals  were  of  analytical  grade  and  obtained  from 
commercial  sources. 

Animals.  Male  albino  rats  (150-200  g)  of  the  Sprague-Dawley  strain 

p p 

(Crl:C0BS  CD  (SD)  BR)  were  obtained  from  Charles  River  and  were  maintained 
on  stock  Purina  Lab  Chow  and  tap  water  ad  libitum.  All  rats  were 
acclimatized  to  a 12-h  day-night  cycle  for  at  least  7 days  prior  to 
experimentatatlon  In  order  to  eliminate  circadian  variations.  Rats  were 
Inoculated  subcutaneously  (s.c.)  with  3 to  6 x 10^  heat-killed  (control)  or 
virulent  (Infected)  S_.  pneumoniae . serotype  I,  A5  strain  (USAMRIID)  organisms. 
All  rats  were  fasted  during  the  experiment  and  killed  20  or  40  h after 
Inoculation  at  8:30  A.M. , a time  corresponding  to  the  midpoint  of  the  night 
cycle. 

Analytical  procedures.  Inorganic  phosphate  (Pi)  was  determined  by  the 
method  of  Chen  et  al.  (4).  Total  phosphate  was  determined  by  the  method  of 
Ames  and  Dubin  (1)  and  protein  by  the  method  of  Lowry  et  al.  (15)  using 
bovine  serum  albumin  as  a standard.  Concentrations  of  glucose-6-phosphate 
(G-6-P)  and  B-glycerolphosphate  were  determined  by  assaying  total  phosphate. 
Nucleotide  concentration  was  determined  by  the  measurement  of  Its  absorbance 
as  described  by  Bock  et  al.  (2). 

Cell  fractions.  Plasma  membranes  (Fig.  1)  were  Isolated  by  a modi- 
fication of  the  method  of  Ray  (19).  For  both  control  and  infected  animals 
4 g of  liver  were  excised  and  placed  in  Ice-cold  buffer  (0.25  M sucrose 
containing  0.5  mM  CaC^  and  1 mM  Tris-Cl,  pH  7.5).  The  livers  were  minced 
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containing  40  ml  of  buffer.  This  homogenate  was  filtered  through  four 
layers  of  sterile  gauze,  diluted  to  80  ml  with  buffer,  and  centrifuged  at 
1000  x £ for  10  min  in  a Sorvall  RC2-B  refrigerated  centrifuge  (Ivan 
Sorvall,  Inc.,  Norwalk,  Conn.).  The  supernatant  from  this  step  was  used 
for  the  preparation  of  mlcrosomes  and  mitochondria.  (See  below) . The 
pellet  was  washed  twice  by  suspension  and  recentrifugation  at  1000  x £ 
for  10  min  in  40  ml  of  1 mM  EGTA.  The  final  pellet  was  suspended  in  2 to 
4 ml  of  1 mM  EGTA  and  adjusted  to  48Z  sucrose  (wt/wt)  by  the  addition  of 
2.45  M sucrose.  This  sucrose  suspension  was  divided  equally  into  two 
Beckman  SW  27  rotor  tubes  (Beckman  Instruments,  Inc.,  Splnco  Dlv.,  Palo 
Alto,  Calif.)  and  layered  with  10  ml  of  45Z  sucrose  (wt/wt),  then  10  ml  of 
41Z  sucrose  (wt/wt) , and  the  tubes  were  filled  with  37Z  sucrose  (wt/wt) . , 

The  tubes  were  centrifuged  at  131,000  x £ for  2 h in  a Beckman  Model  L2-65B 
ultracentrifuge.  The  plasma  membrane  fraction,  which  bands  at  the  37  - 41Z 
sucrose  interface  was  removed  with  a syringe,  diluted  with  deionized  water 
to  8Z  sucrose  (wt/wt),  sedimented  by  centrifugation  at  10,000  x £ for  10  uJr. 
and  finally  suspended  in  2.0  ml  of  deionized  water. 

Preparation  of  mlcrosomes  and  mitochondria.  Mlcrosomes  and  mitochondria 
were  prepared  from  the  initial  1000  x £ supernatant  (see  Fig.  1).  Twenty- 
five  milliliters  of  this  supernatant  was  sedimented  at  10,000  x £ for  10  min 
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in  a Sorvall  RC2-B  refrigerated  centrifuge.  Microsomes  were  prepared  from 
this  supernatant  (a)  and  mitochondria  were  prepared  from  this  pellet  (b) . 

This  supernatant  (a)  was  sedimented  at  205,000  x £ for  30  min  in  the 
50  rotor  of  a Beckman  Model  L2-65B  ultracentrifuge.  The  sedimented 
microsomal  fraction  was  washed  once  by  suspension  and  re sedimentation  in 
0.25  M sucrose  containing  20  mM  Trls-Cl  pH  7.5  to  remove  adsorbed  cytoplasmic 
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proteins  (5).  The  final  microsomal  pellet  was  suspended  In  2.0  ml  of 
deionized  water. 

'The  pellet  (b)  was  washed  twice  by  suspension  and  resedimentation  in 
0*25  M sucrose  containing  1 mM  EGTA  at  10,000  x £ for  10  min  and  then 
suspended  in  1 to  3 ml  of  0.25  M sucrose  and  adjusted  to  48%  sucrose 
(wt/wt)  by  the  addition  of  2.45  M sucrose.  This  suspension  was  placed  into 
two  SW27  tubes,  layered  with  40%  sucrose  (wt/wt)  and  centrifuged  at 
131,000  x £ for  2 h in  a Beckon  Model  L2-65B  ultracentrifuge.  The  mito- 
chondria were  recovered  from  the  48  to  40%  interface,  adjusted  to  8% 
sucrose  (wt/wt)  with  deionized  water,  sedimented  at  10,000  x for  10  min 
and  finally  suspended  in  2.0  ml  of  deionized  water. 

Biochemical  enzyme  assays.  Glucose-6-phosphatase  was  assayed  by  a 
modification  of  the  method  of  Swanson  (26)  and  de  Duve  et  al.  (7).  The 
assay  was  carried  out  in  a total  volume  of  1-ml  containing  10  mM  G-6-P, 

100  mM  Trls-malate  pH  6.6,  and  enough  protein  to  hydrolyze  no  more  than  30% 
of  the  substrate  in  20  min  at  37  C.  Samples  of  0.2  ml  were  withdrawn  at 
appropriate  time  intervals  and  added  to  0.2  ml  of  20%  trichloroacetic  acid 
(vol/vol).  Inorganic  phosphate  was  analyzed  after  removal  of  protein  by 
centrifugation. 

5'-Nucleotldase  was  assayed  by  the  method  of  Widnell  (32).  Acid  phos- 
phatase was  assayed  in  the  same  manner  as  glucose-6-phosphatase  except  that 
the  incubation  contained  100  mM  0-glycerolphosphate,  200  mM  sodium  acetate 
(pH  5.0)  and  0.2%  Triton  X-100. 


Alkaline  phosphatase  was  assayed  at  room  temperature  by  a modification 
of  the  method  of  De  Chatelet  et  al.  (6)  in  a 3-ml  system  containing  620  mM 
2-amino-2-mcthyl-l-propanol  buffer  (pH  10.2),  0.1  mM  MgC^*  15.2  mM 
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p-nitrophenol-phosphate  and  100  pi  of  sample.  The  production  of  p-nitro- 

phenol  was  followed  for  3 min  at  420  nm  in  a Beckman  DU  recording  spectro- 

4 

photometer.  A molar  extinction  coefficient  of  1.62  x 10  was  used  to 
determine  specific  activities. 

Glutamate  dehydrogenase  was  assayed  In  a 3-ml  system  at  room  temperature 

by  a modification  of  the  method  of  Hoek  et  al.  (11).  The  system  contained 

50  mM  potassium  phosphate  buffer  (pH  7.4),  20  mM  L-glutamic  acid,  0.4  mM 

NAD  and  0.2Z  Triton  X-100.  The  oxidation  of  glutamate  was  measured  on  a 

Beckman  DU  recording  spectrophotometer  by  the  increase  of  optical  density  at 

340  nm  caused  by  the  reduction  of  NAD.  A molar  extinction  coefficient  of 
3 

6.20  x 10  was  used  to  determine  specific  activities. 

Kalate  dehydrogenase  was  assayed  in  the  same  manner  as  glutamate  dehydro- 
genase except  that  the  oxidation  of  NADH  was  followed.  The  assay  was  as 
described  in  the  Sigma  Technical  Bulletin  (24)  except  that  it  contained 
0.2%  Triton  X-100. 

Kinetic  analysis.  Plasma  membranes  were  isolated  from  control  (3  x 10^ 
heat-killed  S^.  pneumoniae)  and  infected  (3  x 10^  virulent  S.  pneumoniae)  rats 
40  h postinoculation.  Each  preparation  was  assayed  as  described  for 
S'-nudeotldase  and  alkaline  phosphatase  at  five  substrate  concentrations 
for  various  lengths  of  time.  Under  the  assay  conditions  employed  both 
reactions  were  linear  with  respect  to  time  and  enzyme  concentration. 

Electron  microscopy.  Samples  to  be  prepared  for  electron  microscopy 
were  suspended  in  100  mM  sodium-cacodylate  buffer  (pH  7.2)  containing 
10  mM  MgCl2  and  fixed  for  2 h on  Ice  by  the  addition  of  equal  volumes  of  4% 
glutaraldehyde  in  the  same  buffer.  Following  glutaraldehyde  fixation  the 
samples  were  washed  once  in  buffer  by  suspension  and  centrifugation  and 
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Chen  suspended  In  buffer  and  left  overnight  at  0 C.  The  samples  were  then 
fixed  on  Ice  In  1Z  osmium  tetroxlde  (vol/vol)  for  3 h,  sedimented,  washed  In 
50  mM  sodlum-cacodylate  buffer  (pH  7.2)  containing  5 mM  MgCl^,  dehydrated 
In  a series  of  graded  ethanols  followed  by  propylene  oxide  and  finally 
embedded  in  Epon-Araldlte.  Sections  prepared  wit>  a diamond  knife  on  a 
Reichert  ultramicrotome  were  stained  with  uranyl  acetate  and  lead  citrate  (20) 
and  examined  with  an  Hitachi  electron  microscope  at  75  kv. 

RESULTS 

Figure  2 shows  the  mean  febrile  response  of  6 fasted  control  rats 
Inoculated  with  3 x 10^  heat-killed  j>.  pneumoniae  and  12  fasted  infected 
rats  Inoculated  with  the  same  dose  of  virulent  j>.  pneumoniae . The  normal 
rectal  temperature  of  these  rats  varied  slightly  depending  upon  the  time 
of  the  day;  temperatures  were  slightly  higher  during  the  night  cycle  (2:00  A.M. 
to  2:00  P.M.).  Two  of  the  12  infected  rats  survived  this  dose  and  both  of 
these  rats  showed  an  increase  of  rectal  temperature  at  40  h and  a return  to 
control  temperature  by  95  h.  The  mean  time  to  death  was  66.1  h with  a range 
of  40  to  95.5  h. 

In  Initial  experiments  attempted  to  define  optimal  conditions  for  the 
preparation  of  plasma  membranes  with  a high  yield  and  low  contamination 
from  other  organelles,  Ray's  method  (19),  modified  as  described,  consistently 
provided  the  best  results  and  was  therefore  used  In  all  subsequent 
experiments.  Since  Identical  results  were  obtained  in  perfused  or  non- 
perfused  livers,  membranes  were  routinely  Isolated  from  nonperfused  livers. 

As  previously  reported  (19)  the  addition  of  calcium  to  the  homogenization 
medium  resulted  In  nearly  a two-fold  increase  In  the  yield  of  Isolated 
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plasma  membranes. 

Table  1 shows  the  percent  of  total  activity  for  selected  enzymes 
recovered  with  the  plasma  membranes  from  control  and  infected  rats  fasted 
20  and  AO  h.  Approximately  10  to  30Z  of  the  plasma  membrane  markers, 
5'-nucleotidase  and  alkaline  phosphatase,  were  recovered  with  the  plasma 
membrane  fraction  for  control  or  infected  rats  fasted  for  20  or  40  h.  This 
recovery  value  is  higher  than  most  previously  reported  figures  (8).  It 
appears  from  Table  1 that  more  of  the  marker  enzymes  for  the  plasma  membrane 
was  recovered  from  the  control  and  infected  animals  at  40  h.  This  may  be 
the  result,  however,  of  the  higher  yield  of  plasma  membranes  for  these  40-h 
preparations.  It  should  be  noted  that  plasma  membrane  yields  varied  from 
1 to  2 mg  plasma  membrane  protein  per  gram  of  liver  for  both  control  and 
Infected  animals  at  both  20  and  40  h. 

Less  than  0.433Z  of  the  glucose-6-phosphatase,  a marker  for  the  endo- 
plasmic reticulum,  was  recovered  with  the  plasma  membranes.  Table  1 also 
demonstrates  that  less  than  0.2S5Z  of  both  markers  for  mitochondria,  glutamate 
and  malate  dehydrogenase,  and  less  than  0.103Z  of  the  marker  for  lysosomes, 

acid  phosphatase,  were  recovered  with  the  Isolated  plasma  membrane  fraction. 

* 

It  should  be  noted  that  the  stability  of  glutamate  dehydrogenase  under 
Our  homogenization  and  assay  conditions  was  determined  since  reports  have 
appeared  stating  that  this  enzyme  is  unstable  (23) . Glutamate  dehydrogenase 
activity  was  stable  under  the  conditions  employed  here. 

Si 

Table  2 shows  that  these  plasma  membrane  preparations  contained 
approximately  12Z  contamination  by  microsomes  and  mitochondria,  as  judged 
from  the  enzyme  markers  for  these  fractions.  Washing  Isolated  plasma 
membranes  in  150  mM  NaCl,  10  mM  EGTA,  or  20  mM  Trls-Cl  (pH  7.5)  did  not 
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lmprove  the  purity.  Differential  centrifugation  was  also  employed  in  an 
attempt  to  remove  contamination.  Plasma  membranes  isolated  from  the  sucrose 
gradient  (Fig.  1)  were  adjusted  to  8Z  sucrose  (wt/wt)  and  sedimented  at 
either  1000  or  10,00C  x £ for  10  min.  Essentially  the  same  amount  of  activity 
for  all  marker  enzymes  sedimented  under  both  forces. 

Slightly  purer  preparations  could  be  obtained,  however,  when  isolated 
plasma  membranes  were  washed  in  20  mM  Tris-Cl  pH  7.5,  layered  on  a continuous 
sucrose  gradient  (31  to  41%  wt/wt),  and  centrifuged  overnight.  It  was 
difficult  to  assess  the  biochemical  contamination  of  these  preparations, 
however,  since  certain  of  the  enzyme  markers  employed  lost  a significant 
amount  of  activity  following  overnight  centrifugation.  It  was  therefore 
decided  to  use  the  membranes  prepared  as  described  for  all  subsequent  studies. 

The  effects  of  j>.  pneumoniae  infection  on  the  specific  activities  of 
selected  liver  enzymes  in  both  the  homogenate  and  isolated  cell  fractions  are 
shown  in  Table  3.  5' -Nucleotidase  and  alkaline  phosphatase  were  chosen  as 

markers  for  plasma  membranes  (10,  28);  however,  cytochemical  experiments 
have  shown  that  5' -nucleotidase  is  also  localized  in  mlcrosomes  (31).  The 
specific  activity  of  this  enzyme  showed  no  change  20  h following  infection  in 
either  the  homogenate  or  any  of  the  cell  fractions  studied.  At  40  h, 
however,  the  specific  activity  of  5 '-nucleotidase  decreased  significantly 
In  both  homogenate  and  all  cell  fractions.  On  the  other  hand,  the  specific 
activity  of  alkaline  phosphatase  in  the  plasma  membrane  fraction  Increased 
significantly  20  and  40  h following  infection.  At  40  h it  was  also  Increased 
In  the  homogenate  and  microsomal  fractions.  It  has  been  shown  that  this 
enzyme  is  Inducible  following  bacterial  infections  (14,  29).  The  mitochondrial 
markers,  malate  and  glutamate  dehydrogenase  (16,  25),  were  unchanged 
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following  infection.  It  should  be  noted,  however,  that  malate  dehydrogenase 
la  also  found  in  the  soluble  fraction  of  the  cell  (16) . 

The  specific  activity  of  glucose-6-phosphatase  (endoplasmic  reticulum) 
decreased  significantly  in  the  homogenate  and  in  the  microsomal  and  plasma 
membrane  fractions  at  both  20  and  40  h postinfection.  These  results  are 
In  agreement  with  a previously  published  report  (3).  The  specific  activity 
of  acid  phosphatase  (lysosomes)  decreased  significantly  in  the  homogenate 
and  plasma  membrane  fraction  at  40  h.  It  is  also  important  to  note  (Table  3) 
that  infection  did  not  significantly  alter  the  yields  of  any  fraction  studied. 

Pig.  3 shows  the  kinetic  analysis  of  5' -nucleotidase  and  Fig,  4 of 
alkaline  phosphatase  in  isolated  plasma  membranes  from  both  control  and 
infected  rats.  These  results  show  that  S.  pneumoniae  infection  did  not 
significantly  alter  the  of  either  5' -nucleotidase  (control  and  infected 
Kn  ■ 1.29  mM)  or  alkaline  phosphatase  (control  and  infected  Km  - 0.330  mM) . 

As  could  be  predicted  from  Table  3 the  VMt  for  both  enzymes  was  altered 
following  infection.  The  V for  5' -nucleotidase  decreased  from  13.9  to 

10.5  pmol  whereas  the  V for  alkaline  phosphatase  increased  from  30.1  to 

--  - --  - . . max 

80.0  nmol. 

e.  r : - 

Figure  5 shows  electron  micrographs  of  plasma  membranes  isolated  from 
control  and  Infected  animals.  Both  preparations  appeared  similar  except 
that  the  preparations  from  the  latter  seemed  slightly  more  compact.  From 
scanning  thin  sections,  it  appeared  that  the  contamination  from  mitochondria, 
lysosomes,  and  rough  mlcrosomes  was  minimal;  only  very  rarely  were  these 
organelles  observed.  As  mentioned,  slightly  purer  preparations  could  be 

4. 

obtained  by  overnight  centrifugation  of  the  Isolated  plasma  membranes  in 
a continuous  sucrose  gradient.  These  preparations  are  also  shown  in  Fig.  5. 
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DISCUSSION 

Isolation  and  partial  characterization  of  relatively  pure  plasma 
membranes,  mlcrosoraes  and  mitochondria  from  control  and  Infected  rats 
revealed  evidence  for  decreased  plasma  membrane  5' -nucleotidase  but 
increased  alkaline  phosphatase.  A decrease  in  microsomal  glucose-6- 
phosphatase  was  also  observed  but  the  two  marker  enzymes  for  the  mitochondria, 
glutamate  and  malate  dehydrogenase,  showed  no  change. 

The  mechanism(s)  responsible,  however,  for  the  alteration  in  the  specific 

activity  of  5' -nucleotidase  and  alkaline  phosphatase  in  the  plasma  membrane 

following  infection  have  not  been  determined.  One  possibility  is  that 

infection  may  alter  the  synthesis  or  degradation  of  these  enzymes  or  other 

molecules  serving  as  activators  or  inhibitors.  The  observed  alterations 

do  not  appear  to  be  the  result  of  altered  kinetic  properties  of  the  enzymes 

since  the  K of  both  5' -nucleotidase  and  alkaline  phosphatase  were  the  same 
n 

in  control  and  infected  rats.  The  increased  V for  alkaline  phosphatase 

Vijb  max 

suggests  either  increased  enzyme  synthesis,  decreased  degradation,  or 
activation  of  preexisting  enzyme  whereas  the  decreased  for 

5'-nucleotldase  suggest  either  decreased  synthesis,  increased  degradation, 
or  masking  of  existing  enzyme.  While  it  is  possible  that  5' -nucleotidase 
is  being  synthesized  but  not  incorporated  into  the  plasma  membrane,  it 
appears  unlikely  since  the  specific  activity  of  the  enzyme  is  decreased  in 
the  homogenate  and  microsomal  fraction  as  well  as  in  the  plasma  membrane 
fraction  40  h postinfection.  If  the  enzyme  were  synthesized  but  not 
Incorporated  into  the  plasma  membrane,  then  one  would  expect  to  find  an 
increase  in  the  homogenate  and  possibly  in  the  microsomal  fraction  but  a 
decrease  in  the  plasma  membrane  fraction. 
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Th*  observed  decrease  in  glucose-6-phosphatase  activity  is  not  merely 
Che  result  of  glycogen  depletion  which  occurs  during  fasting.  Nor  does  It 
appear  to  be  the  result  of  altered  kinetic  behavior  since  preliminary 
experiments  suggest  that  the  of  glucose-6-phosphatase  for  glucose-6- 
phosphate  in  the  microsomal  fraction  is  the  same  for  control  and  infected 
animals. 

These  results  could  also  be  explained  by  a change  in  membrane  properties 
following  infection  such  that  they  behave  differently  in  the  isolation 
procedure  employed.  However,  since  both  the  total  yield  of  plasma  membranes 
and  the  percent  contamination  by  other  cell  organelles  was  similar  following 
infection,  it  is  doubtful  that  these  results  are  an  artifact  of  the  method. 

It  should  also  be  noted  that  these  preparations  are  heterogeneous  since 
liver  contains  both  parenchymal  cells  and  reticuloendothelial  (Kupffer)  cells. 
Suspensions  of  pure  hepatic  parenchymal  cells  may  be  preferable;  however, 
techniques  required  to  produce  homogeneous  parenchymal  cell  suspensions 
involve  the  use  of  collagenase  and  hyaluronidase  (12)  , both  of  which  may 
seriously  alter  the  plasma  membrane.  Since  the  liver  is  heterogeneous 
vlth  respect  to  cell  type,  the  observed  enzyme  alterations  could  then  be  due 
to  changes  in  parenchymal  or  Kupffer  cells,  or  both.  It  is  possible  that  the 
alkaline  phosphatase  increase  represents  a proliferation  in  the  phagocytic 
Kupffer  cell  which  may  then  serve  to  enhance  host  resistance.  At  present 
there  is  no  evidence  to  support  this  idea. 

The  reasons  for  the  alterations  in  organelle  enzyme  profile  following 
S.  pneumoniae  infection  have  not  been  determined.  It  may  represent  a 
purposeful  and  selective  synthesis  of  certain  proteins  (enzymes)  of  benefit 
to  the  host  during  infection  at  the  expense  of  other  enzymes  momentarily 
dispensable. 


Experiments  are  in  progress  to  determine  the  significance  of  these 
alterations  and  what  role  the  plasma  membrane  plays  in  maintaining  cell 
homeostasis  following  S..  pneumoniae  infection. 
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LEGENDS  TO  FIGURES 

Fig.  1.  Flow  diagram  for  preparation  of  plasma  membranes,  mitochondria, 
and  mlcrosomes. 

Fig.  2.  Rectal  temperatures  of  control  and  S.  pneumoniae-r  infected  rats. 

Six  control  (A  - 3 x 10^  heat-killed)  and  12  infected  (0  - 3 x 10"’ 
virulent)  rats  were  inoculated  subcutaneously  with  j>.  pneumoniae 


Fig.  3.  Kinetic  analysis  of  5' -nucleotidase  in  plasma  membranes  isolated 
from  control  and  infected  rats.  Values  represent  the  mean  + SEM 
of  6 control  (A)  or  6 infected  (0)  rats  inoculated  with  either 
3 x 10^  heat-killed  (A)  or  virulent  (0)  _S.  pneumoniae. 

F*g.  Kinetic  analysis  of  alkaline  phosphatase  in  plasma  membranes 

Isolated  from  control  and  infected  rats.  Values  represent  the 
mean  + SEM  of  6 control  (A)  or  6 Infected  (0)  rats  inoculated 

c 

with  either  3 x 10  heat-killed  (A)  or  virulent  (0)  .S.  pneumoniae . 

Electron  micrographs  of  purified  plasma  membranes. 

A.  Plasma  membranes  isolated  as  described  from  control  rats. 

X 18,000. 

I • . 

B.  Same  as  (A)  but  from  Infected  rats. 

C*  Same  as  (A)  but  further  purified  by  centrifugation  in  a 
31  to  41Z  (wt/wt)  sucrose  gradient.  X 18,000. 

D.  Same  as  (C)  but  for  Infected  rats. 
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